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TECIIMCAL MEMORANDUM 78187 
VIBRATSQN kaFECTS ON THE SPACE SHU'mE MAIN ENGINE 
HIGH PRESSURE OX1 D I ZER TURBOPUMP BELLOWS 
SUMMARY 
An fnvestlgcttivo test progrnnl was nccoi~~plishod wvllish involved subjact- 
ing s Space Shuttle Main Engine (SSME) I1igll Prosstwe Oxidizer Turbopun~p 
(HPOTP) primary s o d  bollows asson~bly to vibrnt io~~ levels sinlulating that 
wvllicll would bo cncoui~to~cd in tho ongino, Tho Cost bcllows wns onclosed in a 
t ~ s t  cllnmbor md was prcssurizod to 4100 psig wit11 gmoous osygon. 
A total oof over 2 millio~l cycles ware put on tho unit wvllich was squivn- 
lent to approsimntcly 53 nlin of flight timc. TIlc objective of these tosts was to 
dotorn~ino if suffi~icnt 11cnt wo~tld be generat~d by tho rubbing of tilo bollo\vs 
c o ~ ~ v o l ~ ~ t c s  qp ins t  ale damper to cmse  tho bllowe to  ignito in the higllly 
concontratcd osygen cx~viroiu~~cnt;. 
At no time during tilose tests did ale tonlporaturo of the bollows exceed 
112OF. Thcrc was no indication of oscass iv~  friction nor my indicatioli of ffie 
bollows rubbing against tho dampor, 
Aftcr it had been dctol-ininod t11nt n o r n ~ d  vibration lovols (400 IEIz rrt; 
0,007 in. double nn~plitude) had no dotrimcntnl affect en the bellows, it was 
s~bjcct~ed to vibration at 0.8 in. double ,m~plitudo displncsmot~t a t  20 syclos/ses. 
This test  wzts mado to intontionnlly r'~1ptura tho hollows to seo if a fire 1~0111d 
rosult from the frcsll fatigz~ad metal surface coming in contact wifilz tho 400 psig 
oxygen, 
The bellotats rup t~~rcd  aftel* only 2.5 s6c of vibrnlbn at  full vibratiokl 
lcvols (60 cycles). Ti16 400 psi oxyg611 voilt6d t'hrot~gl~ tl16 rt~p6t~rad bellows. 
No fire o r  heat buildr~p wws cnco tn t~~cd .  Tho bollows failcd horn fatigue in the 
hcnt nffcctod zono next to t l ~ c  wcld, on thc second canvolute from the end of tho 
beU,o~vs tvl~iclr tvas :tttacl~od to shnlccir* t:~blo driw md. 
Tho results of this sorics of tests provcd Ehnt the ctqn~ped bellows was 
not tho cat~so of the fire in tho SSMR IFFOTP which accurrsri cluri~~g test no, 
901-110 a t  the Nationnl Space Technol~gy XA?boratury, Bty St. Louis, &liseissippi, 
on March 24, 1977, 
Friction, coi~~bustiblo mrltcri:kl, and asygcn conrbined in proper pimpor- 
tioils can result in n firo. Rlctnl in the presence of :a high eoncei~t~ntian of 
osygcn bccon~es com1.)t1stibIs provided sufIiaicnt friction to gct~or:ilo sncrgy is 
A bellows \vitJl :I dalnper ring oporllCiag in :In cnvironmsnt \vitli vibriitisn 
and hig11 pi9css\li*o oxygen cat~ld be n hazard l~ect~uso the rubbing of Chs beIlows 
col~volutes against CIIC dampm* ring 111idlt gt>nrrntc sufficient hertt to aausc? a fire. 
Tho SShIE cmplt~ys e d:\n~yod mct:~l b1\110\1"5 in the III)OTP. A coi~~pre-b 
honsivc test prograln \vtls conducted utilizing an aett~al Iligl~t bcllo~\~s, SF% 01*1. 
and a vibration test f~cilit~y. A tcst cllnn~bcr was drsigned :~nd built in-liousc to 
&low the test spacimon to bbc, prassurizcd to 400 psig \with oxygen and at tho 
'R 10% sa111c t;Ji11@ s u b j ~ c t  if: to oli\)l t' 
A tixu was encauiltcrcd ln thr? SSME flPOTP d\ i r in~  test no, 901-110 at  the 
N:~tionnf. Space Tecllnology X,abor:ltory, Rny St. I,o~t~is, hlississippi on Marsh 84, 
1977. The fire complot@ly canstimeci tho IIPOTI'" lximary cnrban se:\l bellows 
and d a n ~ p c ~  riirg, An invcstig:;ntivc progrrtm \\gas iin~lemcntcd t t ~  d e t ~ r n ~ i n o  if 
tilo bellows8dnxnpc.r friatlon In thc JIIW'i'D could 11i~v~ c:~ust\d the bcllo~vs to 
iefnitc. nesponsibility for this invcstigt~tivc test pi*.'agr:~m was ascopted by t11e 
Blatorinls and Prt~ccsses f,:\bnr:itory, ('lcargc C. hInrsl~:~ll S~ILC.CC Flight Conterp 
IIuntsvillc, Alnboinn. 
I I. SEAL BELLOWS ASSEMBLY DESCRI PTI ON 
Tl~a s ~ a l  bcllo~vs :\ssambly titilizud for thccsc Ecsts IV:IS talien froi\~ spai8cs 
stock nt the SSME ~ n a n t ~ f a e t t ~ ~ e r ' s  pltlilt (liockoldyntl Ilivision af IPoclavcil 
Intornationr~l) . Tllc t~ssekubly F,& 1159030, SPN 01.1, \v:\s considcrcd rcpre- 
sontatfvo of tlloss in  ale engines. 'I'ltc :tasrmbly is shown pictori:dly i n  I;'lgu~'c 1 
and thr~ drrtwing Is s h o ~ ~ n  :ts Pigurc 2, 
Thc nlcttil bcllo~vs wtts mrldc lay Sonlol6r1c. , Iqngincercd Protk~cts 
Bivisi~n, tt7ar~vio!i, IZhoda Island, :\nd is n tungsten inert gas (TIC:) \~elded 
5 to G mil fl11concJ 71tS xnt\tcfrid with n spring rate of 275 1hYn. i 10 percent, 
It conwists of 13 conv~lutas. Ontt end is \vclrlc~it o the fl:tl~gcct housing and the 
otllcr end is wcldcd to t11c Y C R I ~ O  senl ring. 'rho b~tllows ao~wc.riates :ire mado 
i n  tho ailnpe of an v'Stt 80 ns to tr:~nsfi?r Cka stress -?snccnti*;~tinn t m a s  &\-my 
from w elds t~nd distdbutc tltcin tl~ztougl~ottt the ball~\vs convolt~tc\s. 

1'11t) dk~~npt)~ ring tb~~~pk>yt\ti L+t$ w i t  is 3 1n81 s tmi~p~d ltitwn~l 78Q 
xt\c~tsa~bt~i whielr eonttkutw tlit? n~i\\htldle ~bs c?t3~1~~'11ut.rrs, The puayaoe of the baliowvs 
ps8t)nrbQ is to prnrlt'~) k3rt'lottd tu Lo  tu'i'k~?p:tn\p ir\,:~& erckrbo~n SQ:I~ :uld illkw 
hw slight Itgtcw\l mo\rrrnektt of U I ~  tuyhptua~rg shtift a:rust'd by U\Q UIXSE of UII? 
)mnrplng astI01t. TIQ Bt~Ilows also nlluws 01e nwl 2.' ii& olf after IO ~ p ~ c d  of
the lttuitp 8lirtft is st~iTir$i\nt ta toxe.tieve txn ttt)~twt\.ni~~\k Eilnt hehvven rurlwn C 
se J t11at1 Mm stbsl ring. Tha~ liftoff fontt~ro is  pawviijed br lift parfs mad\ikned 
Intt~ tht) c t ~ ~ t ~ n  MOEI,~ rub jerc\t+t?. Tht? ytta*post! of rUi0 IktIE fetatui*o is tie pa\e\vr\C 1 
tbx~t~s~ivt.  h ~ t ~ t  bt11itIt'1p and w c : ~  ui Lt? rn&t.ir~~ tiurf~xt*cs of Lr, c:wk?a~ scrll ruld I I I 
tht~ sect1 l'lw. i.'&uw H is a t ~ $ i ~ w p t  Cttwln.g nE Uitb btt110\t*s slrrrl assrnrbly. i 
i 
BELLOWS SRAt ROMQ 1NSERT 
FjguFa 8, C~>nt+tbpt L~&\QIII:I~~C of test ~.E'S~CWS* 
--a- 
_ _ _ _  
In preparing the bellows assenlbly for test, the seal ring was drilled and 
tapped for eighteen No. 8-36 screws (Fig. 1). These holes were utilized to 
affix the movable end of the bello.rvs to the vibration input shaft. The danged 
bolt cfrcle of the bellows assembly was bolted to the stationary portion of the 
tsst fixture. The fixture and test item are  shown in a cutaway view in Figure 4. 
1 I 1. TEST EQU I PMENT 
Standard laboratory test equipment was utilized for these tests. The 
test setup and instrumentation :Ire shown in Figures 6 tlirough 10. 
A. Prime Mover 
The prime illover utilized was a Ling Model A-2.19 vibration test machine 
with associated instm~mentation and controls. The machine is located in Room 
160 of Building 4619 at  MMSFC, and tlle associated coiltrol room is Room 169. 
This vibration macl1ine i s  a massive and powerful apparatus. The force capa- 
bility of the shalcer table i s  30 000 lb force with 1100 amps :,rmature current 
capability. The vibration plate and armature are  supported on springs which 
have a spring rate of 19 000 lb/in. The vibration equipment was provided and 
operated by Test Laboratory personnel of the Dynamics Test Rr'mch. 
B, Pressure Chamber 
In an effort to simulate a s  near a s  practical the actual SSME HPOTP 
environn~ental conditions, a test cl~mnbcr was designed and built with approxi- 
mately 800 ine3 of volume, The cl~amlxr was made of heavy stecl so that i t  
could withstand tlle 400 psi operating pressure. (It was proof tested at  800 psi.) 
A feed-through tube was provided to allow the inside of the bellows to be vented, 
thus accomplisl~ing 400 psid across the bellows canvolutes. The vent tube also 
servcd as  an instrumentation access to file inside of tl~e bellows. Thermo- 
couple wires, a fiber optics bundle, and strain gage wires were coiu~ected to 
i n ~ t ~ u n ~ c n t s  i side ~~e bellows, Tho vent tube d s o  served a s  a me'ms for 
venting the oxygen from t l ~ e  chmlbcr in case of bellows 111ptuse. I t  was 
connected to piping which was vented to the outsidc of tl1e building. 
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Figure 4. Cutaway drawing of test apparatus. 
Fim!rc .7, Pirc~t..o~p-:~ph of ~nsum:i t ic  control. 
Figure 6. Instrumentation system accelerometers and slots for radial alignment. 


F i m r e  3. Ecllows a.;sembly installed on vibration machine without pressure canister. 

Tlro test c l~nnrbo~~ t\en8 :rlso eqttlppt\d !viui huldlr~g flht\rrt$s \shlch alfu\v& 
tr:u~smission of tho vlb~~:\tion to t l r ~  tost dtvt\l'lr tl~rouglr t l r c p  ~~ihmutit~n i ~ p u t  slrrrft. 
The tcbat cl~rrmbor and uppi\i8:\tus :rye slrown sclre~n:\tic:rlb iia Flg\l~*i! 1 of 
A p p ~ i ~ d i ~  41, 
IV. DESIGN OF THE TEST APPARATUS 
A. Design Requi re~nents 
R pressure rhe\~~~bt)t* \t :ls built \\4tt1 cr volun~ t3 of npplwsimr~tt\ly NtIU in. 
sad with c:q~:tbilit~ to wikhstnnti 400 psi% osygvn. I t  \v:\s provided \vitl\ :I fc\t\d- 
tiri~~\rglt ,ulr:rfC so that Clro ttbst iton1 cuulti bcj s\ll)jt\ctt\d tt) vbbrrrf3c)n ai~tt +I00 psig 
osyg~n slm~tlttaneo1rs4\., I~a~t~umcntnt lan ft~t\d-t11rot;lis wtbrt\ :dso yiwt~iiiad, 
A woss  aection view of tlla Ctwl :~ppr\i*:\t\rs is sho\vn tla Figtlre 4. l'hotog\v~:\l~l~s 
of Ello ovt\rrbal test sotirp nrc? showvn as Fip,xtrc\s 5 t>h,ha\owll 10, 
Rtutcrltds rtsed in M l t b  tt?st :~pptrrattts \vcrt\ st\lc\ctc\tt ttj k w  c)nmp:rtildt* with 
gt~set~us ssygt\n, &tost of Clro pit\cct\ p):\18ts wt*rt% nlnrio af :It)-l stt\inlt\sa ste\t\l 
beerrust! it  had to wt\ltit\d in scvt.a.:tl yl:\t.t~s. 
B. Pressure Balancing 
l$strome? c!:\rt\ \vns t:\kt\r~ 311 dt\siql\ tbf tht) v$Br:\tion tr:\nsmiCIing slulft to 
:~wsut*tb th:it t\~l\c~n .tOO psi asygyn \\*:is :typlit\d, :\ prcssurt\ cil €ft~i*t\ntinl \\.:IS 1~1t 
p~*.'oduct\d sitffic.ir\nt tt) cc*:\\tst3 tlw t*ihmUna~ P:rNt\ zt\lu~ position to ct.h:\r~:t\. 'Pt~is 
\vould d1:1ngc\ tho prt?lo:\ti on tht? kllo\~s, 
Orig3n:tlly it \vrrs y l a n ~ ~ ~ d  to do the vilwr\tlon tests on :\ sn~wl l t*~  vihr:\tiun 
at~t~ol~itlc; Iro\vut~br, i t  W:\S four~ci tll:\t €11~1 s p i * i i ~ s  ! l\it*I\ s\tp~)o~*C tlltl :\rn\:\k~rtb and 
vibration gl:\Cr~ wtlrt? oirly l000 lb 'in. qrring t.constt~r~t tI \s\~rtb spr8iry:'s. 
Tho orlgf n:rl fiusign of t l ~ u  vlbl~r t i t~i~ t~t\a~snliEtZr~g sh:~ft \\':IS :f , 00 in. in 
d i t ~ ~ ~ ~ ~ t e i - .  This w:rs dltuigt\\d ni~d rr nc\w 2.!)374 in. tii:~n\r\ttbr s1r:rft \c:\s n~:itIt\ to 
elimin:\tv p.t(c!stmro difSt\~*t~ilEi:J fi%isrct>n. 
C. Shaft Seal Cooling 
2 1  p : r e k i ~ ~  g,'l:111d :tncl tetlon seal \tbort\ t~sr)tl to p ~ e ~ d n l ;  ~ x t ) t r ~ ~ f v t \  C I S , ~ ~ ~ I I  
le:iliagc? p:tsC tlre  lit&. It; \\*:IS :tntii*fp:\tt*d that U\t\ squtlblr~: :of tilt) sllaft rqyuinst 
t \ \ ~  s w l s  \vt>t~ld gt>nerutt% I\~):\tr 't'hts wan lit\pt fl;,m dctvt4tq)ing Itrtxr n prohlitom by 
nr:\lsil~ trlrr) st?:\i :t ttvo p:rrt t;t)trt)a scnf w f W ~  a f?t.clr*l styr:\r:\ttrr nnd drilling tito b:tso 
i":\lqe NU tltnt c\ S.No p\trgt? f3t)w could II:\HH I~~$~wcoI \  the tw'tt H~!:C~S t~t~t i  \~t\nf: over- 
ttc,:~~*d, 'i'tle pt~s*lc;o s~r~t!tf :\ tit\i\l i'tt~lct itr 11 : it cmticd tht\ 811 :lit :\~\tl S C ~ ~ S  n31d 
nlso survcd to diluttb :tny oqvgen a~\:tl~ugrl ::ulti cnr.s*g it off wi\ci~~o it rot~ltt bv ventad 
to k\ ~\ol~\~t~:\l*cious :\l't*:\* 
D. Oxygen Purge 
'rhts oxygc)n t~ttrg~! is il~cl\~tlt~tl 111 tl\v tvst \)~~t\~c\tlt~l'ts (.I\ryrt\ntlix A). 'T\\t? 
pressure ch:unbar was prtwsurlzr?tl tt.i€tt oiygr>ir to :I0 pslg :uld vt*ntt)d fhret) times 
b r b r a  f ind  p~vssi t r i  e:rtlon to 4 00 psig. 'i'his w:rs dtmc to r\,ssul*t\ tl\:it :dl 
rt?t4idtt:l\ :tit* ill thr? C ! I ; I ~ I I \ ) ~ ~ ~ *  !):\ti t~cbr\n ptt~*gycI :it\tl :lt\ o\ygc~~\ c\t\vil*t>1\t\rt)k1t 
w:ia left s u ~ r u t ~ l ~ d f a ~  tlw t~ktr\s4it>r of tlic tozct I~rlirr\va sln-rulakin~ SSNE t l W " P  
cr>~dit.it>sl~ 
V, E S T  SETUP 
A. I nstallation sf Bellows in Tester 
3~rot*:rutfnaurg mtBnwtk*es tvribc* t:tktln tt? inst~t*c\ th:kt the) ttbst bt\\lo\tts tyna 
slot tl:u\\:wt*d tlurltg i!lstzillntfoir into tlw Ecst :\p1xr:lrbus, ;\ ti\rn\n\y tot4fc1\vs was 
~i\:rtlc? to sjnru1:lte tire ttwt ltvnr, t t w:\s n~:rt*l~ir\tbti uf soliti :~ltt\\r faum krl; \t.t\s 
mndt* !vitl\ tllr? s:~~l~t! r\x€em:r'l eonCLf:ttlq:btt~n :itd irrlr)rf:\et\ r-tr~\t\cr.ct 1n~ints r\s the 
fliglrt; itam, 'b'lrls tlunrtny br*llt)ws w:~s \~serJ. (n st-t ttp the- erst rig nnd :tsscn~hlr~ 
it onto t11o sl~nl<or tablo, Alifipn-tent and b~llotvs prolo~td td jush~cuts  ware 
~ccomplished by using tho cIt1111n1y bellows in s t cd  of taking a chnilca 011 don~nging 
the fligl~t ypo bcllews during UIQ sctr~p ttnd digw~~cn(:  pmocss. Tho clu~lln~y 
boll ow^ was romovod, and tho iteh~al nlg11t type test bc l l~ws  was installed 
in~i~~~dit\ t ;oly boforo ~ I Q  start of tho b s t s ,  
€3. Alignment 
Verticd positioning of tlw fiscd Qtu~ge oC tho test Itc111 w:\s very ~sitictil 
bccnusc tho fisad position dtbtei8n~inod the pvdar\r\ on the IroBows. T l t ~  fixtura 
was dodgl~od to pci8miP shll~rs to bo added oi8 smnovad to adjust the prc lod  on 
tho bellows. 
Porsaul~sl fro111 tho Itr~uipmont InsCiilli\tian 13r:u1ch of Tt.sl I,t~borntoi*y 
utilizod :I theodslits to cdctcrininc ~t?r t i~: l l  positioning, Tho p ~ ~ i t i o n  w:ts e11tacl~ad 
at various timos kl~mugl~aut; Ihc tcst to assuro El~nt l~u  bdlo\vs was imt subjected 
to overstress movomc?rit;s. 
Aligmnoi~t me:isuronlollts \VCX*O rwcd 10 dotqrnlinc that ti10 position :tttar 
sl~utdown was within a fmv tilot~smctti~s of an inell of CIIQ position kforo s t a r t~~p .  
C. Bellows Preload 
From tho drmvixr of tho bollows assolt~l;>lg i t  was dt?tci8n~inod U~at Ihc 
spring constnnt of tho bc~llows ~vas 275 lbj'i11. i 10 porccnt. Thc preload rondi- 
tions of the L~ellaws sen1 nsaon~~bly in tho cilgint\ which kirncd w:is d c t e m i ~ ~ a d  
to IJQ 18 1b. Tl~orofo~c, d~inra  wore ttclded to ~ \ I Q  test fisttlrc btwec\n t11c vibr:~- 
tion input s11nft :ud the vibr:ttioa plate. '1'11Is cttttntul Blc bollows to iw ~0111- 
prcssod 0.0684 in.  fro^^ Wlc fi-ar posiHoi~, t h s  ~ecolrq>~islllbg tho 18 lb pi8elond 
on t l~a  tost itom. Vibration displacmei~t was cff~cted I 0.0035 in, from klke 
starting point; consaqrrcntly, UIQ pselaild v:wied fronl 37 to 10 l b  hdng Wm 
aot;urrS. vlbr~tdon test. 
Prolottd was el~sngcd for tho 0. H in, double nnlplit~trli~ dispIt~c*t\l~~ent tests 
so that tho I ~ l l o w s  ~ ' ( ~ t t l d  not *I. stael~ecl met:d to mot:d. A 0.940 in. sp:wer wns 
addod batween tlm 'base flnngo a11t-I tho BPI~QWS silpport. 'l'hi~ :tetually ~xttwed 
negative proload o r  n tnlsilc. lotiti on t l~o  bcrlowx sf :~ppn,~osirrmiclp '70 111 (O. 820 
s 275-18). 
D o  Protection of the Bellows 
Tho SSRtE I1PC)TP primary sc:d bello\vs assc.~r~I~Iy i s  a delic:~te I ~ ~ C I I ~ J S ~ I I  
rtnd \voulci bt? Irighly susceptible to d:tnrago if not properly piotcstcd from k i n g  
o\~ertbxtrndcd, staclced, or subjct~tod to torsional forces. 
'l'l~c \~ibi8ation equlpn~a~lt usod to cmlluct ~IICSC tosts is III:ISS~VC and 
po\vei8£ul and is  subject to el-ratic nrovclncnts if the supl~ly volt:~go vttries, 
A11 t~sti~p: \%*as done ul'tci* nronnnl woi*Iiil~ l~surs to ~nininriac tlie possi- 
bility of prc>bloms caused by v:ki8yfag supply volt:rgc? :IS :\ rcsult of porsonncl in 
o t l r ~ ~  pasts of the building turning cquiymctnt on or off. 
Slinkrtr tnMo locks wt?i8ct dctsignQtt :urd built lorkcd tlw vibr:~tion 
t:iblc to thr: fr:une of rn:~cliinct wlrrtn tho test itcii~ \vns installed but testing was 
not :lctu:rfly in process (Fig. 9). 
To~sion:ll fc~rcos on tlie Lwllo\vs \vcrc: uwidad Lly providing sluttcd holcs 
in tho tost fisturo to ttl:s\v for elocldiig ttlicr bcllo\vs tiuring nssr\mhIly to :11ign tlic 
rnot~nting holes in tlrc fl:~i~gc with rc~spc?et to tire rnot~i~ting holes drillcd In tlw 
static s a d  ring used to inttnch tllc hollows to thc vibr:~tion tl'ansir~iltiig s11:rft 
(Fig, 0). 
VI .  INSTRUMENTATION AND CONTROLS 
A o  I nstrunlentation 
St:mdnrd I:\borntx>x*y instrumpiits \wrc. utiliztd for this test progr:tm. 
\?:\ri:~blc dnt:t monitored :Ire :~s fc)llot~s: 
:I. T c i n ~ ~ c ~ * a ~ ~ ~ c  - T l ~ e r r n ~ r o ~ ~ p l t ~ ~  \vt?r~ ntt:\cliod to \\*elti bo:tds on tho 
tes t  bc4lows convolt~trls (Fig. 10) :tnd to ~IIc? vibr:~tir)n tr:tt~sft\r rod. Thcz tost 
ch:u~~lxi* tc inyor~t~ i ro  w t ~ s  also nwnitr~rcd by nlrl:\lls oC t l ~ ~ r ~ ~ w c o u p l c ~  in tlw area 
of tho test spaciman, 
b Time -- Bur:\tion of the tests \~t \s  controlled by :m clc~ctronic timsr, 
D:rtn from this aotmter togrttl~er with other dnt:l from tlirb vibr:ition cquign\t!nt 
wero used Q doterr~~iiro thu nun~Iu\s: oE cyclr~s to 11-lriclr tile 1wllo\vs \\*:is subject~d. 
' f "  
c, Vibl8ntioi1 - I n s t r t ~ t ~ ~ n ~ ~ t t t i  irssocirrted with the VI 4.. tr ., ?.1~3lltv 
W R ~  t\Clliacd to moi\itor fi8eqtlency, di~plnc~rnc~lrt, ltccclorntion, otc, 'tooording 
equipment was located In tht? control wl~ich i*ccdvcd Inprrt zf:rtn from accel- 
o r o ~ n d c r s  111ot111ttd r\e vni8iotrs plnccs on tho test fistr~ro ond on the vibrntisn 
tpnnsmittinfi sllraft (Fig, ti), 
d, Fressuro -- P r o s s r ~ ~ o  b:~nsducors \\.ere t~tiliacd in col~junclion with 
stk8ip drnrt recoz8dr\rs to n~nnlltav nrxi displ:ty thc prcsstrro of the % insids the 
ch :u i~hr  :\nd :rlso to mnnittw t11 o difft.rc.11tl:tl pressure :\cross the hellotvs 
(Fig* 5 ) .  
o, Displr~et\n~tlnt -- A o:\ntllt\vcr Lwnn~ \slth strain gage \vns uscd to 
s ~ r o ~ l t ~ r  are rncrvt!mcnt of the lwllaws, Iti w:ts pl,mnc%d to t ~ s t b  tlw dnt:t fiw111 t l~ l s  
systcm t~ an811.1va trt tht? tot:d hpt\t4 of tlra test ittm :\a! :~lso the tot:.rl a111ml11t of 
~~~ovenrc~n t  (pig, 30) . 
f. Closed ~ i r s u i t  t%l~\~ision (C 'CX"l ' )  nronitor -- A CCTW monlt~i*lng 
sf8tt\i11 \va8 c\~I~Io,vP(I III comlslnntion wit11 o fil\t\r optios Lnulmdle to i~rtlnitor the 
Inside of tho bt4low~s during tllc \*ihr:it'ion ttuts, ttrpe rec~~rcting s~;s tem wvns 
R ~ S O  ~ISCCI to F O C C ~ ~ ~  tht> vicltlo ovt\nts for futtrre ru~:rlysis and ~t4csronct~. 
13, Controls 
Fig~trv 2 of A~~pt'ndis R i s  o st*hc\n~:ttic iir:rwing of tht* g:rs pui8gu\ twd 
pressui*izntlon test sotup :Inti eodral  systt\m. f ns trumtbntotjan \isr\s fistad so as 
tc~ provide :tt~tonl:rtlc wl\r~toff of thtt oxygen supply if tltt\ Iwllt~\va fillled. This 
tvtrs zrc.co~l~plisl~ed Lly ust\ c ~ f  n lu\v pl*ttasurt\ (8 psig) tinmsduocsr in tho vent titbe 
wllich \to:rs :~djustt*d to st*rrse :I yi*t1ssurc\ Irt~llfhrp in tho vt\~'rt txrbta d r i c i ~  wnrild Lrt* 
rwideilt if tho bllc>\t~s ruptul*t>d, 'l'his nrltot~mti~ shutoff ttotiv:ttt~ct \vken thta 
Bt\llc>ws \\?as intt\ntionnlly i*t~ptur~d cltlriug thtt l:\st tttst. 0pcr:ttlon of thtx gtra 
\~tiixt? anci p~.t.ssurizotit>n systt\m i s  btbttcr t*spl:tlncd in tht( tits t pw.urcedurt\, 
Appor~tlSs A , X;'igrn8a 5 is  a pl~r~tc.rjir;~~d~ of the m:Uor romlx~nc\nts of the pnewr trtlc 
ctmtlwl systom, 
V I  I, E S T  PLANS AND PROCEDURES 
' M I ~ R  test pi9c~gi*:\~u cclnsisted of tilt> following tests: ( n) 11 1r1w-level sine 
swcwy wtls i*r111 f0i8 ti0 see ttl dt\tt>nnlut\ systcnr rt\sun:rnct\, (b) t i  75 st>c vik~rotlun 
test wns m:rcle nt 'IOU I12 :\net 0. fi01 in. cio\~llit\ ;r1r\plit\ttlt* clispltroc?n~t*nt, (c) a 
third test ~ : I S  made at -iO0 118, 0,007 in, dout~lt? un~plituda, and 740 ~ P C  d\*t*:\tion, 
(e) five oo~~seeutivc tests e:rch cunsisti.il~g of 740 scc twru tnuds :\G 400 r ig ,  
0,007 in, d t~tble  :ulIplitut~a clispl:~t*cmant, TlIese ksts were ~al:\dcr withnut 
s t ~ p p i l ~ .  'Phis I ~ W I Q  MIL' :~CCUIIIUI:I~O~I vibr:ltit>n O , Y C ~ ~ \ S  1.8 111i1lio11 irk+. 11 
was eiot~rmint?d :\dv:~nt.:y?.ut)us to ~~nntit~ur? tti\dt\a8 steudy-state cntldltious to 
:~ccust~ul:\tt~. ,I t t M  of 2 milljon cycles; this w:rs neccsn~pllsht.d, 'f'ht~ prt~vious~y 
mor~tisii~xi Costs vomgluted tilt? origia:~llg pl,lnlu~r~I sc.cit?s oi t o s b  nt~d crrc c.ovcred 
In dc td l  511 Appi3ut1dieas h :u1d 13. 
A fiilnl dc?sbuulicwe test \\.:IS 111:1dt? to iintctltit>n:~lly r\tpture tllc bellows to 
d u t ~ ~ n ~ i i ~ e .  tho efftrcts of ~xposirlg the fl8eslz1y ;';\tlgur\tI nrctnl sul*f:lec Ct, t l ~ c  400 psi 
rdsygen. TO tte~oi~\plish t f8, n tt*st \\*:\s mrldt? :rt 0. $ in, tI6ublo :ul\plitu.do tiis- 
p1:tcttmcut and 20 vyclcs 'see, Tlris test 3r1atcd :xpgrosi~r\:\tt*ly 2. D see or :I toted 
of $0 t?ypllc\s bofr)ibe tltc klto\vs ~ ~ p t u a * ~ d ,  
After tht? h?sC i t~ l l l  \V:IS Illtcntibl\:l'l1y ruldulwd, it w:18 s u b j ~ c k d  hz n 
tl~orougl\ nrutnl1urgie:rl :mnbs."sis bt' tx\rsoru~ui of tire\ hf:\t~rictls and l,rt>e~ssr. s
E,:~hrattwy, 110 t:~llui*az;icul :nrd F:lilui*~ hki:tlys la B~:it\c?h, 't'l~ is :ur@sis sl~cr\wd 
pvi&nw t b f  ttbnsil~ owrlo:~d but 110 f:ttigucb stri:ttions. i ~ l r i s  on this hl lows 
h:d t..?..fde s t r i ~ q r s  :~t lk? tcrukr edj:v of tlre \w?lds, r'l~c) (\~niti:\tfoi\ sit@ of Ello 
m:\k.ri:~l sepat'ntion coincided w $111 Ulr lo t~ i t  ion aP the! ositio stl*lnl:~rs in tlw 
\\v1pls, 
A. V-0 
4 
'Fhe fiibst test nradc an the I'l;glrt t&?>r' bt \ l l~>\~s dc ign:\tcd :ts V-t) is 
drsc?ritx?d in dr.hll in Xpprr~dfrcs A :1nd j\. It \v:ts n r:ti1tkm s\vtbr.l~ vibraCion 
 fro^ 200 Ifz tt3 440 liz nt 0,ooOI in, tit)ub3~* :~mylit~\dc ispl:\cumcnt, a g pt':gli 
:~ecdarnCion, Ttw duynCiasl of thth te.4 t \vas (ill set-. 3t tvns rn:~dt! to detc\rn\inc! 
if t l~c  test kllows h:td nnr ~*csannnt t't*c\q\lr\ncic?s tn that r:~tqt*, Ipuplht\r tostit% 
was plalulr?d :~t Clie I~:I~uI~:\~ t'wqttol~cy of tilt* Iwllows if it Sol1 within the 200 Ec, 
400 1t.t r:ugu, ilo\vcver, rt*sotl:tnrt! \\.:is dr*ftvtt-i; thus, all fitrtl\or h t , s  
~vere I~I:I~L' : ~ t  -400 Iilt. *l'110 pf~ssitrt* tblr:ii\rl~v \\*:IS purgt-1 :u\d b:\cli fill& wiElr 
O2 RC 400 psi8 h3* ttwt. 
This test cwl~sistcd of 75 sc*c vibr:~tlr~l\ : t ,100 Iia, O,1)01 in. &~tl.lc 
rmlplihtda displ:\et\~ntwt, S, 13 g ~x*:\k :~ct.t%lt\r:\tinn, The I)rtBssure cl~nmber w:~s 
pressurized to 400 psig fop this tvst. 'l't*sP V-1 \v:~s I\\:& Zlnmtdi:rtt\ly 
1 H 
following tho sino swvecp tcst, V-0. TBo vibr:~tioi~ tabla \$/at: sat @OF.* s-?ardby 
~vl~i lo  tho data ti.oi11 V-0 was ~ ,~nlyaed  mtd adjustnrraortt* wcbv*v mndc to - ...~t~g'e 
vibration parmeters  foi* V-I. Occuri80nces during t 3 1 ~ ~  test and results of Ghc 
tost are discussed in Section IX, 
C. v-2 
Vibration testing at 400 Iiz, 0.007 in. double mrrplitude displac~n~ent,  
57.12 g p n k ,  \\,:IS acconrplislr~d for :I duration of 71 0 suc. This bst simulnted 
tire vibrl~tiou input to the test bcllo\\s tllr~t would occur during a normal full 
duration static firing on tlw SShIE IIPCb'FP. This ticst also was acconrplished 
during t l~e  slum day that V-0 and V-1 \vcre nr:rdc. Tht\ osygcn supply bottles 
\VQ~*Q rcplonislred and tho 01 purge :uld roprcssuriz;\tion y roccd t~~c  \sas 
accomplished bct\\wen Costs V-1 aird V-2. 
D. V-3 Through W-7 
Tcsts V-3 tl~rough V-7 were p1:mncd us idellticill tests to bt\ :~ccomplislled 
ona at a tiino with shutdo\vn of tllr? vibr:ition aquipnrc\irt and dnt:~ c\?:rlu:rtion after 
endl 740 scc test. Analysis of d:rta from tcst V-2 rc~vonlcd :~n :~yparcnC steady- 
s h t e  condition, :ti~d it \\!:is determii~ed th:\t i f  steady-state conditions \vcrc 
acllieved in tcst V-3, n decision would be n1:rdo to let tlrc\ uibr:rtion equipment 
continua to operate until :ill of t l ~  tt?sts through \'-7 w r c  nccomplisl~cd, turtil 
failurc of tho bcllows occurred, o r  until sllnrt tc.mpt?rnturc? o r  sr\d lertkngo 
bacamc eser?ssive. A l l  of t?~csr? tcsts \wrs 111adc. : ~ t  arc swne vibr:~tion lc?vcls 
a s  test V-2. 
E. Additional Tests 
Sk:idy-state conditions \\x11*c achievod durii~g the \'--3 tl~rougl~ 1'-'i tcst 
series; thorofc>re, ff lit decision ~vas  m:\dc to contiiruc\ thc \7ibi*:rtion :u~othcr 
6.75 nlin and, tln~s, nccon~plislr a total of :~gprosim:dc?l~? 2 n~illion cycles on tho 
bellows, including ,111 tcsts Eiwm V-O and on. This m:tdc t l ~ e  tot:rl vibrntion 
time on tho test unit 4980 see. Tlris :~dditjon:d tcst i s  not ilruntioilcd in Appendix 
h or B, but the vib~ation Ic\*c~s used \\'ere tl1c saine as for tcsts I"-:! tl~rough 
v-7. 
i 
F. Destruct Test 
i Tlie primary objective of this test program was to determine if We vibra- : 1 tion a ~ d  pressure diffcrcntinl across the bellows \vould cause it to rupture and, 1 
secondly, if it did rupturc, would it cwsc a firc or explosion. Since none of the 
originally planned tests c:~used the bellows to rupture, tile first objective was 
% 
i 
1 
l4 
:1ccomplis11cd, but it still was not know1 if o firc would result if tllc bcllows 
! 
ruptured. A test was devised to intentionally ovcrstrcss the hllows and cause 
1 it to irupturc ex.osing tllc ne~vly fatigued metal surfaces to the Iiigll pprcsswe 
! oxygen. This was accoiliplisl~cd by adjusting the vibration kblc displacelncnt 
I / 
I !  
to 0.8 in. douMc? .mlplitude disp1:tccmcnt wit11 an input frequency of 20 Rz. 
i Noi*x~ld shutdo\\m of the vibration and gns pressurization systcn~ was acco~~~pl i sh~d  i I 
I wile11 the bcllows ruptured nftcr 2.5 scc from thc time steady-state vibration 
I lcvels were acliieved. , 
! 
I 
Preliminary Developme7t Tests 
J 
: Since tllc test fixture was a col~lplctcly new and unproven device, there 
i was sox~lc oncerti abu t  tllc shaft seal. If a tight fitting shaft se:d w r e  used, 
I friction \trould be higl~ c:~usii~g cscessive heat nnd :dso excessive t~*:nrsi~~ission of 
i 
I vibration into the stationnvy portion of tile fixture. If the shaf~ seal is too loose, 
i 
1 excessive leakage would occui* n~nlting it I I IO~C 11:lz:~rdous 311d idso I I I Q ~ C  difficult 
! to maintain proper cl~amlac?~ prcssui*c. A devc?lopmcnt test was devised to 
evaluate the effect of shaft s cd  rct:liner bolt torque versus vih:~tion trans- ! 
missibility and ledcagc. A11 of ff~cse development tests \vcrcx madc brforc the 
tcst bcllo~vs was instdled in the fixture. 
I 
1 
I IX. Dl SCUSSION OF TEST RESULTS 
I !  I 
A. V-0 
I 
Data andtlysis rcve:dcd no resonax~t frt?qucncies in tllc 200 to 100 Ilz 1 I 
r,mgc. A slight proMcin surf;nccd duriag this tcst; thc pressure cl1:1n1kr 
I ig 
i valve opened and rcseated :~llowing the chan~ber pressure to drop to 320 psig 
. 1 
momentarily. The valve relieved bcc:nusc? the \+bration clyparcntly cscitcd ff1c I 
valve spring. This was not considered to be a serious ~,roblcm o11d no action 1 
was tdcen to alter the situation before the ncst tcst series. Actual tcst data w e  
not given because .dl tcmpel*aturus rcm:rinc%d constant throughout the test. i 
Presstire variations were only encountered when tllc relief vdve opened :md the 1 
vSb>-ation data sl~o\vcd no anomalies. 1 I  i : .  [ t:io I \; I> 
_ -. -< -.. I . - 
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The relief vdve activation problem became n re  prominent during this 
test, The vdao opened four times, allowing (:hail~ber pressure to vary froni 345 to 
420 psig,, The shaft temperature renlaincd constant at 70°F tllroughout the test. 
  el lows ten~peratures renlined constant at rooin tenlpcrat~~re. 
At the end of test V-1, the relief vdvo was removed from its h,wd line 
mounted position on top ~f 310 pressure chml~ber and installed in the flex line 
leading to tlie outside vent area, This seenled to help; ho~vever, the r Jve  still 
relieved Chres tinles during V-2 tost and allowed the cllambcr presswe to drop 
to 320 psig, Temperature changes lvcre Illore pronlinsnt during V-2 than had 
been noted on :tsg previous tests. Shaft tcnlpcraturc was nlore pronounced wit21 
an increase of from GOOF at Qie start of vibration to 10O0F when tire tcst was 
stopped after 740 scc, Ths temperature ff~ermocouple on the hllows indicated 
an increase from 68°F at tI1c start of the tcst to approximately 90°F wllen the 
test was stopped. These temperatures continued to clilllb to approsinlately 
120°F on the bellows and 130°F on the shaft aftor tile test was stopped. It was 
concluded that the bellows temperature increase was caused by heat being 
tr,msmitted from the shaft which heated up from the shaft sscnl f18ictioa. Thcrc 
was no indication of bellows rupture or even any deterioration at this point in 
tho tcst progrml. 
D. V-3 Through V-7 Plus Additional Testing 
Tho relief vdve was renloved ,and readjusted to open at 425 psig before 
starting test V-3, This completely resolved the pressure regulation problem. 
Tasts V-3 through V-7 were accomplisl~.cd without incidcnt m~d steady-state 
conditions were achieved at npproximntcly 1600 sec into tile test. Shaft tcm- 
perahre increase was tho most dynnnlic parameter, increasing from 80°F at 
the start of tho vibration test to 13G°F at 1600 sec. 'rhc test h l ] I ~ ~ ~ s  tenlpera- 
ture followed the shdt tenlperaturc because of the heat being tr;ulsmittcd from 
the shaft caused by seal friction to ff~e bellows through the n~ounting interface. 
hl,win~unl tenlpcraturs of the bcll~ws was 112°F and this Q G C U ~ ~ ~ ? ~  : t 3206 sec 
into the test, Variable data rscorded during V-3 through V-7, plus the addi- 
tional vibration test at steady-state conditions, are presented in Table 1. A s  
was previously mentioned, the decision was made to continue the tcst under 
steady-state conditions to achieve approximately 2 million cycles. This required 
an additional 6.75 min of testing. Tllcrc was no c11:lngc in m y  vari:iblc data 
parameter during this additionnl testing. Shaft t c n ~ p e r a t ~ ~ r c  ren~aincd constant 
a t  134OF, mid bellows tcmpcrnturc remained constnllt a t  l lO°F,  and the end 
convolute cf the bellows rcn~aincd at 112OF tllirougl~out his tcst pcriod. 
rile bellows was re~novcd from t l ~ c  fixture and subjcctcd to n thorough 
visual analysis nftcr tllcsc tests. No dam:lgc o r  cvidcncc of any problcln was 
visible. 
TAI31,E 1. VARIAI31,E TEST DA'CA 
i E. Pest ruc t  Test 
I 
The final vibration tcst was m:tdc to clctcrn~inc what would 11:tppcn if t l ~ c  
bellows failcd allowing oxygen to be exposod to the freshly filtigued m c h l  sur- 
fnccs. I t  was dctcrnlincd that tlic vibration k~b lc  capability was 0.8 in. doublc 
ampli tude displaccnicnl : ~ t  20 11 z. 'I'his displtlccmcnt grcally cxcccds thc dcsign 
capability of the bellows imposing considcrablc ovcrstrcss in l.hc convolutes. 
I 
I I1 was cdculatod tllnt tllc bellows would fail within thc f irs t  150 cyclcs. I t  failed I 
I 
I !  nftcr approximately 50 cycles. 'Shc failure mode was rupturc of thc bcllows L 
convolutc second from the s c d  end where the vibr:ltion transmission sPdt was 
attached. The bcllows materi:tl separated in the wcld hcat affected zone adjacent 
to the wcld (Fig. 11).  The bcllows convolutc separated :tpyroximntcly 40 per- 
cent of the circumfcrcncc. 
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tt'lrcn tlru b e l l ~ \ \ ~ ~  ruptuibtid, tho 4OF ysig tla vont~d Clrrougkr thtb ruphthtrs 
(3:\ttsitq u buildup of p r ~ s s u r e  in tlru ov~rt,~>:rrd veirt litre whion acdlur~tud dro 
aubom:\tfrs C)S srq~ply shutoff u:tlvo, No iudia:\tion of :\ fire o r  explosion was 
dcsttwteti, t61br:ttiorr rsy?tiptncrirG walu 811t\E tiafvn i~)~ir1:\1l,v, :LIH~ art? t.h:unIwr w:w 
purgcd wit41 t3Ny h f o r v  paraoturt4 edrrred tho test areti, 
X, SAFETY 
Siiwo the psim:try ohjectSvu t>f this test gragib:uu \v:rs to try to c:tuse a 
fire, it w : ~  ovltier\t Urcit s:\futy slrsulti ht\ It~vc~lvt~J, 
P iron~t\ir wi t1:lr tlleir axtftfitrirzlr fny; t?quSpmeirt tvert) nP €116 test site :it :\1 
Cinlas \\\ltt?a~ osygtti~ \v:is btlhw uusctd $11 tltlrt~ test r*\tanlbcbr. '1'11~3 ffrr$tlron twra 
Briefed on tho pl:lniu~cd ovoirts :~irii f:wi lity 1:q'ttut befort3 ttnolr strr ies tr t' toe ts, 
$1 soctioir of tlrc test p~ujcc*duru \ v : ~  pi\rvidtxi :is n clrcvlix>ff list for 
a s s u r i i ~  that :dl tost pu~soirnrbl :wd f ircnrr.11 kirtr\tv tirt\Sr :\ssig,vnn\twts fu c:\se :I 
61*e did otlcur, 
'l'ho test :irtb:r \vtw twytd off nrrci gu:trds tvcre poatvd tt~ ::\\sure ~ ro  
un:ruthoihltted p r s t m s  c\i\t~rc)ti tlre lr:iz:tr~iorih :artb:\s during Uru trrst tinrc, 
All tush !+VFC\ nrndtl rrikrsr rror~rr:rl tvr~rkitw lrours Eo rrkimilxlee tlw possi- 
bility of m~lttqt!  Ck*uasier~ts e:kus~%i by turning off tw otr high t*upk*rwb tls:\t~cb 
agtuynwnt md also to etlt &\WI otr tlro i ~ u ~ r r b ~ r  of 1~t'~)plrr. \v110 trrtght be it1 tho 
tost nVt~rt wvlro  ere l ~ t  rwedett f t ~  &Ire :wttt:\X eu1~tut.t of are test, 
APPENDIX A. 
- 
1. 'I'lrSs t~ppel~dls i thtl trwt pl*oct\d\trt> ISI 1 14-It1Z( W -000-7'7 t itltvt, '"Pc~st 
I~iurctx'urcl for SSAIIS Ilellows St>:\l hsst*n\lrly Vlljrntion Test. v v  'l'his dor\lr\\t\nt 
eonbi i~s  cletr~ils of Eht? ttlsk~ twti provides sp:\t*tb for ixwordi~~g vvl\ri:\lble d;\t:t 
duriax 611t: r_u,txl\rt*t of tirrt tr*sP. 'I'lrct pr\rer*dm*t* \v:\s :~ppnrvcd t ~ y  tnll rt~spttt~siMr\ 
disciplines Bt\fort\ in\l~lt~i.ntlnf:~tit~~~ of Elrtr t t ~ t  p;u,~; ' 3*: 1111. 
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SCIENCE & ENGINEERING 
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osldi~c*r ti~rhrp\ln\p sltnl bcllnws nsst\n\hly with dnn\\wr rill$ installed. 
Test Procedure for SSME Bellows Vibration Test 
1.0 Objective 
To perform an investigative type of vibration test on an SSME metal 
bellows assembly a s  defined in the "Test Plan for the SSME Bellows 
Vibration Test. " 
2.0 General 
This test will be conducted in Building 4619 with the test hardware 
described in the Test Plan installed on the Vibration Table in Room 160 
according to the procedure given irc Section 3. 
3.0 Test Procedure 
3.1 Pre-Test Facility Checkout 
3.1.1 Verify test article installation per Figure 1. - 
verification. 
Instrumentation and gas control system 
3.1.2.1 Stripchart Recorder (verify measurement 
hookup). 
Channel Measurement Range 
1 Vent Pressure 0- 15 psig 
2 Chamber Pressure 0-500 psig 
3 T/C- 1 Mid Bellows 0-250'~ 
4 T/C-2 Lower Bellows 0- 2500'~ 
-- - 5 T/C-3 Lower Bellows 0-250°~ 
6 T/C-5 Shaft 
3, 1.2.2. 1 Vc.rify tl<'C'V Cillllr'fR t ~ I i I t ~ \ d  tt) fiber 
optics nllii 'r/C- 1 (if 1wssiblr.) displ:lytd t11\ 'SV ~~~t>nlnw. Otlic*t'- 
wise, Jlsplny clear vicsw of bc*llc~ws. 
3, 1.2.2.2 Vctrify tlior r ~ ~ ~ a ~ u l r ~ r  is op ~t'ntlont~k 
by rcwtd oncl playback of CIC''I'V ~~icturc- .  
3.1.2.2.3 Ck\rify fynl~lio cho~int81 #1 of v i t i ~  
rca~rdcr by itlprt of signal pr*nt~rator st8t at .Itlo t 12 and plnybnck 
on oscillosc.opc8. 
3, 1 ,2. 3. 1 Vcbrify gtw t:t)11tt1)1 SYS~C*III f1111~tio11:11 
operation per I:igurrvi 2 allit :3 and ns fi)llows: 
n. Vent SW-ON Vt~u VI ,L" OPEN 
Vcnt SW-OI:l: Vc1nt V I  'V ('1 ,(IS \I[) 
3.1.2.3.2 Verify relief valve certification of 
operation. 
3.1 .2 .3 .3  Verify GOX monitor in place and 
operational. 
3 .1 .3  Calibration of Accelerometers 
3.1.3.1 Patch accelerometer circuits through 
to recorders and log appropriate information on instrumentation 
data sheets. 
3.1.3.2 Mount accelerometers on shaker. 
3.1.3.3 Record charge amplifier calibration 
voltage on instrumentation data sheets. 
3.1.3.4 Set charge amplifier for 10 g peak. 
3.1.3.5 Set oscillator frequency at 44.3 Hz. 
3.1.3.6 Bring shaker up to 0.1 inch D. A. D. a s  
indicated by a displacement wedge. 
3.1.3.7 Set each charge amplifier to its calibra- 
tion voltage. 
3.1.3.8 Turn shaker off. 
3.1.3.9 Record charge amplifier gain settings. 
3.1.4 Vibration Facility Checkout 
3.1.4.1 Test Enginecring vcrify test requirements. 
3.1.4.2 Mount niastcr control and backup 
accelerometer on shaker. 
3.1 .4 .3  Insert sine test patcli panel in control 
system (4619). Position sine/random switches to sine. 
3.1.4.4 Sct up and run sine tests prescribd. Reeoni 
shaker amplifier and charge amplifier settings. 
Sine Evaluation Vchicle Dynarnics 
Shaker Atnplificr Setting 
Charge Amplifier Setting 
Charge Amp. Servo Switcli 
Setting 
3.1.4.5 hlount test spccimcn on sliakcr pcr TSS. 
-- 
3. I. 4. A Install spccimcn accc*icromcters pcr TSS. 
- 
3.1.4.7 Excite accc~lerometcrs and verifv 
continuity through to rccordcrs and control system. 
3.2.1 N2 Purgc of  Chariibcr and Gas Systcm 
3.2.1.1 Close IHOV-1. 
3.2.1.2 Rcriiovc~ POV-3 f iani  Port 2 (I:&. 4). 
3.2.1.3 Disconnect 02  line frorti 02 supply. 
3.2.1.4 Conntct GN2 b t t l c  to 0 2  prcss line (inlet 
of POV- 2). 
3.2.1.5 Set purge prcssurc to 100 psig. 
3.2. I. 6 Open HOV- 1 tc~ full open ~wsitio~i. 
3.2.1.7 Qpcn POV-5 and verify flow at Port #2 of 
chamber. 
3.2.1.8 Flow purge gas for 15 minutes - monitor 
chamber pressure on T- 1 (100 psi$ Rcdlinc). 
3.2.1.9 Close valve POV-5. 
3.2.1.10 Replace POV- 3 in Port 2. 
3.2.2 Chamber Leak Test 
3.2.2.1 Close POV-3. 
3.2.2.2 Open valve POV-5. 
3.2.2.3 Monitor pressure on T- 1 (ensure 100 psig). - 
3.2.2.4 Allow pressure to stabilize for 3 minutes. 
3.2.2.5 Audibly and visually check for gross leakage. 
3.2.2.6 Close valve POV-5. 
3.2.2.7 Monitor T I  for five minutes - record pressure 
decay rate.  - psi/minutc. 
3.2.2.8 Adjust CN2 pressurization system to 
5 psig. 
3.2.2.9 Open POV-5. 
3.2.2.10 Repeat steps 3.2.2.4 throt.ah 3.2.2.7. 
3.2.2.11 Increase chamber pressure to 475 psig 
o r  until relief valve RV- 1 opens. Record relief pressure. Psig 
3.2.2.12 Re-adjust chamber pressure to 
400 + 5 psig and lock off pressure. 
- 
3.2.2.13 Check vibration tablc alignment 
relative to the zero position. Record position and direction. 
3.2.2.14 Loosen vibration table lock bars  one bolt 
at  a time and record alignment changes 
a. Inside Rolt #1 
b. Inside Bolt #2 
c. Inside Rolt #3 
e. Outside Rolt #I 
3 .2 .2 .15  Open POV-3, reciucc chanlbcr prcssurc 
to ambient. 
3.2 .2 .16 Repeat stcp 3 .2 ,? .  13: alignment clicck. 
Record position and direction. 
3 .2 .2 .17  Rc-torque vibration t:iblex lock bars. 
3.2.2. 18 RctpcBst stcp 5.2.2.13 aiignmCnt clicck. 
Record position and direcation. 
3 .2 .2 .10  1)isconnc~ct illid rcmovc CiN2 prcssurizatioti 
s y  sten1 from Port #4 and rcr.cmncc.t 02 supply system. 
3 . 2 . 3 . 1  Connect cold GN2 purge sys tc~n to ciyuaniic 
stgal purge Port #S. 
3 . 2 . 3 . 2  Opcw I IOV-0 and ciisurc* flow f 11)111 
ovcrlwarci vrm. 
3.2.4.1 STOP A1.I. AC'I'IVI'TIES AND INSllREI TI IAT 
ALL, CRITICAI, PAR AhlIII'RS A l l  1: ASSIGNIII) 'TO h1ONITORS. 
RE:C'ORI) NAMfiS RI<I,OW. 
Ctlnnnel 1 . Vr'nt Prc-ssialr* O - 15 psig 
Chonncl 2. CI~ornl~*r  P c~ssurcs 0 - 500 psig 
- 
CIlannc.1 3. 'Is.('. *I hlid Rc-llows O - 250°F: 
:I, 2.5.3 O~C*II  tYl\'-?~ : I I I ~  lY>V- I t~thl 1 1 1 o l i i t o r  r- 1 tor 
chwntwr ptx~sstrr'r~, vcbrify :\[I ;\sip. 0 - -  
3.2.5.4 Opcn vent valve POV- 3 and rcducc olinrnlrcr 
pressure to 5 psig. 
3.2.5.5 Closc vent valve POV-3 and incrcnsc 
chamber pressure to 30 psig. Verify. @) 
3.2 .5 .6  Open vcnt valve POV-3 and reduce 
chamber pressure to 5 psig. Verify. 
3.2.5.7 Close vent valvc POV-3 and increase 
chamber pressure to 30 psig. Verify. 0 
3.2.5.8 Qpcn venr valve POV-3 and reduce. 
chamber pressure to 5 psig. Vcrify . 
3.2.5.9 C b s e  vcnt valvc POV- 3 and incrcose 
chamber pressure to 30 psig. Vcrify . 0 
3.2.5.10 Open 11OV-6 snd start cold CN2 purse 
of seal cavity. Verify flow s t  ovcrboel'd vcnt. 
3.2.5.1 1 Increase cht~mbcr prcssurc ta 
400 - + 5 psig. Verify. 
3.2.5.12 Adjust I.IQV-1 and POV-2 a s  ncccssary 
during vibration tcstiirg to maintain chamber pressure at 
400 - + 5 psig. 
3.2.5.13 Adjust I IOV-0 a s  ncccssary during vibration 
testing to maintain shaft tcniycraturc\ below 850F. If shaft tcmpcraturc 
reaches 45WF notify test conductor and preparc for norrim1 shutdt~wn. 
4 . 0  Vibration Test Operations 
3.1 Assure that vibration cquipnicnt i s  sct up for 
operation at 100 tiz, .007 in. 11. A ,  
4.2 Turn on instrumcnration ci libratiou switches lisrcd 
in instrumentation Data Shcct. 
4 . 3  Record all calibrations on rccol-dcrs. 
4.4 'Turn off all calibration switches. 
4.5 Set range on instrumentation amplifiers and record 
range on recorder data sheet. 
4.6 Set control acccleromcter cliargc aniplificr range and 
servo switch to positions determined during pretest checkout. 
Record rangc on recorder data sheet. 
4.7 Set close loop switch to open, and, if shaker i s  hooked 
up to team tables, turn on hydraulic pump. 
4.8 Turn shaker amplifier gain to posilion determined 
during pretest checkout. 
4.9 Turn compressor switch to STBY position and turn 
OUTPUT ful l  open. 
4.10 Turn compressor switch to AUTO. 
4.11 Turn on a11 appropriate rccordcrs. 
4.12 Activate X-Y rccordc>r. 
4.13 Start test V-3. (Go to 5.0). 
4.14 At end of tcst, turn the compressor switch to 
STRY - - and the OUTPUT off. 
4.15 Turn shaker power amplificr off. 
4.16 Fifteen seconds aftcr end of tcst, turn off all 
recorders. 
4.17 Visually inspect tcst specinien for damage o r  
degradation. 
4.18 Wait until bcllows tcnipcraturC stabilizes at thc 
initial temperature and return to 111, 1- 18. 
S ,  1 Moni tor  'l'- I ,  to  hc nlnintnincd nt 400 p s i ~  
(+S, - 2), rt.gulntct hg t~cljust lng l IOlP- 1 . 
6 .  1 At ewrl o f  ~ ~ n c ' \ l  740 sc\cclnii ttlst notify t hi8 'l'c.st 
(hnr lucror  . 
6. 1 . 1 I f  I'cbst ( 't,nili~ctor's dc\clslon Is to 
pnlctbtbd c*tlntini~t* stt*l\cly s1ntc1 opclrntlon ilntll (111 rcbsts 
through V-7 Ilo~vc~ ht~c\n nc-c7t)l1~plisllcd. 
6 .  2. I Slowly 1.t~tl11e.t. c*hnn\he~r prc\ssur t l  hy 
adjust ing 0 2  supply \?:rlvt~ t o  itt ' l~l psip .  
6. 2 . 2  Allow t;N2 p u r y c  sysit trt \s  to cxlntinia~ Tor 
5 n ~ l n i ~ t t ~ s  t1ftt.r 0 2  l lns hcr.11 vcv~tt*cl, 
7,  1  lost st^ 1'0V-5 (sl111ts off 0 ; 2 ) .  
P 
7. 2 Open 1'01'- :\ (vc ct:: I ~ n n ~ k ~ r ) .  
---- 
7. 4 'l'urn oft' s t - rvo  and cltlwn ~~yc*l t j  Ixr\vc\t* e n ~ p l i f i r  as. 
sub-  s ta t ion.  
-- 24.00 in. 
BELLOWS ASSEMBLY 
SHAKER TABLE BASE 
Figure 1. llcllows vil~ri~tiut~ test. 

OXY VLV) POV--4 
Figure 3. SSME bellows test valve electrical control schematic. 
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2. This appendix is the test plan which was prepared at the onset of the pro- 
gram to provide general guidelines and objectives. This document was also 
approved by all responsible disciplines before implementation of the test 
program. 
TEST PLAN 
SSME BELLOWS VIBRATION TEST 
PREPARED BY: ENGINEERING PHYSICS DIVISION 
MATERIALS & PROCESSES LABORATORY 
APPROVAL: 
~ i & c t o r  
Materials and Processes Laboratory 
Director 
Structures and Propulsion Laboratory 
Eugene H .  Cagle 
~ i r e c t o r  
Test Laboratory 
TEST PLAN FOR SSh'lti I3ELLOWS VIURA'TION TEST 
1.0 Introduction 
The purpose of this plan i s  to dcfinc thc objectives of the 
SSME bellows vibration test and the Incans by which thcae ol>jcctivcs will 
bc accomplished. 
1.2.1 Primary - To invcstigatc the SSME hcl'lows assembly 
a s  an ignition source undcr siniulatcd SSME high pressure oxygen turbopu~l~p 
gox pressure and vibration conrlirions. 
1.2.2 Secondary - IX-tcrnlinc- bcllows fatiguc life and the 
effects of bellows failure in a high Dressure gox cnvit-onnlcnt. 
2.1 Test Program Management 
Management of the test program is thc responsibility of the 
Materials and Processes Laboratory and includes ( n )  tl~c definition of test 
requirements and equipment; (b) cstablishmcnt of tcst schcdulc; (c) coordina- 
tion of a11 test hardware design, fabrication, and clicckout; and (d) the planning 
of test activities. 
2.2.1 Tcst Pcrformancc Rcsponsibilitics - Thc organizations 
responsible for the various activitics assclciatcd with the technical aspects 
of chis tcst effort a re  given bclow: 
Function Rcsponsiblc Organization - 
Tcst Hardwarc Design S&P 1,aboratory 
MhP Laboratory 
Hardware Fabrication Test Laboratory 
MhP Lnboratory 
Tcst Operations '1-cst 1,aboratot-y 
M&P Laboratory 
Safety Safety Office 
2.2.1  Pressure Chamber and Bcllnws Assembly - Figure 1 
attached shows the configuration of the bellows nsscmbly and the n~ethod by 
which tt i s  attached to the vibration source and the pressure el~ambcr.  
2.2 .2  Instrumentation and Gas Control Systems - Izigure 2 
attached shows the schen~atic of the piun~bing and valves ncccssary to control 
the pressurization and venting of the gox and the instrurrlcntation ncccssary 
to provide the required test data. 
2.3.1 Vibration Indttcd Temperature 'Tests - These tests will 
be made by cxsiting the bellows assembly at a designated vibration frequency 
and displacen~ent for a period of time determinccl by the tc8rnperature level 
induced in the convolutes by the rubbing of the convolutes with the damper o r  
for a predcterminccl period of time. The test will be trrn~inated when the 
prescribed time i s  achieved, when the temperature attains rcdline, when 
the vent tube pressure reachcn 10 psig, o r  when an ignition is obtained. A l l  
tests will be made at n gox prcssurc. of 400 + 25 psi and n bellows preload of 
18 pounds. The following test sequence willxc followed: 
Test Redline Temp, Frequency An~plitude Timc 
No. Of; - (Hz) (rnils 13. A . )  - Scc 
- 
V-0 Low level sweep to dctt.rminc system rcsonancc 75 
V- 6 300 400 0.007 730 
V-7 300 400  0.007 7 30 
Results of 2.3.1 will be carefully rcvicwed prior to procctxlinp with 2.3.2. 
2.3.2 Fatigue Life and Failurc Effccts Tcsts  - This test 
will be initiated aftcr the cotnpletion of 2.3.1. The bellows assembly will 
bc vibmtc\rl with m:~simum \~rc.lor~rl applirttl t o  dctr-rminr8 tllc filtigt~r' lift of 
rlic k l l o w s  iu :I 4tUI -+ 2S p s i  gpx c ~ n ~ i ~ ~ n n \ ~ r r t .  'Ibrb i11pi:t vibr i~t io~l ; i l  
frcqucrrcy, d i s p l : ~ ~ ' ~ ~ " ~ ,  and prcbnd shill1 br 'Till) Ilz,  'l'R1) incll, n ~ l d  
TI313 lbs .  , r c ~ p ~ c t i v c ~ l y .  Whcrr il f;lriyuc c r a c k  i s  f t ) rnr r~ i ,  ;I frcbsh tiictul 
surfilcc wil l  k c ~ p > ~ e * c l  t o  a flow of lligll ~ ~ C S S U ~ L *  gi)s a1u1 ;I d ~ t C r ~ l l i ~ i : ~ t i ~ ~ ~  
will  bc. rn;\dC 3s t o  \vl~c~thc~r tliis type of failure* ct111 rc.si~lt in ig~l i t ion  of tllc 
bel lows material, 
Post  'I'r'st 1kstruc't ivC Analysis  
'I'lic tlr~tnilr*il pn>crtdurc.s rctpircxi  t o  c ' o~~c lu~ t .  tlir* tc'stw dc- 
sc-rihxi i n  2.3 sllnll kc. 11rc*pnrctt ancl ;\ppn)vcd 1)y tlir* Rl r~ tc~r ln l s  anrl P w c c s s c s  
Lukorntory , thr* Sc ru r . t u r~~s  onrl l'mpulsiotl l.ulx)rntory, tllc' I'cxst I,otx>ratory, 
lllld thr- Snfr.ty Officr. p r i o r  t o  t c s t  ili!tiotion. 
1'0 ilisurc th,. safrt L'OIKILIC~ of t l k ~  Iiigll p r c s s11 r~ -  $ox tetsts thr. 
following sprxcial prrcnuricma anil sclf~~t! li!c'aslItcxs must  he* i ~ i i p l r ~ m c ~ u t c ~ l .  
All p a r t s  c,.xlx>sctl to t h b  p,ox c'nvi n>nlirr~ni sl1;11l hc c l r ~ u n t ~ l  
accol-ding t o  stunr1n1-d p r o c c i l u r ~ ~ s  rc*tp1irc1il for tllc. $ox st-r\glcc. 
'111e. systc3ni of volvcs :lnrl ~ ~ l u ~ n b i i l g  r~*qi~ i rcu l  for tlii* prc*ssuri- 
zntiolr ;\id venting of p)s sliall  Lw t lcs ig~~cul  s<) tll:lt t11tt s1111l>l\: t)f ~ O S  C:UI hc' 
sllut off : i t~i  tht,' cilr7111b~~ r-:ltl t>rs v e ~ i t r d  quic.kly in t h c  cvcbtit of ignition. 'nlc 
design of th i s  sys tem sliall lw re*vic.w~J nnrl nppn>vcxl l?\. tllc. Saft't) Clffic't'. 
A slx.ci:ll sct of p tnc t~ ju r~s  shall Lw prcpatvd which 
dcfinc tht: sp~xific octions to LK' taken in tllc event of ignition and suhsc- 
qucn: burning 01' tht' Lwllows nsst~rnhly or any associoteri reat hordwnre 
during the perfonnttncr ~f tltcst8 tests. 
4 . 0  'Test Report 
At the conclusio:! of these tcsts, a cu,mprcl~cnsi\~c test r c p r t  shnll 
be \\rrittun describing the tests tnarlc, thc test ha~rl\vnrc uscvl k) nmnkc the 
tcsts, and the results obtnint~l. 
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